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The observed alteration of the S-wave 7r°7r° mass spectrum in the reaction 

\q \ tt^p — > 7T 7r°n with increasing — i, i.e., the disappearance of a dip and the 
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is explained by the contribution of the ir~p — > /o(980)n reaction amplitude 
with the quantum numbers of the a\ Regge pole in the t channel. It is very 
interesting that nontrivial evidence for the a± exchange mechanism in the 



1 ronff inn tt <">"i <rr .-n-0 



reaction tt p — ► tt tt n follows for the first time from the experiment on 



an unpolarized target. The explanation of the GAMS results suggested by 

X' 

5— I ' us is compared with that reported previously. Two ways of experimentally 



testing these explanations are pointed out. 
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I. INTRODUCTION 



Recently, the GAMS Collaboration has continued the investigation of the reaction 
7i~p — > 7t TT°n at P{ ah = 38 GeV [1]. The goal of the new experiment is to study the 
t behavior of the S-wave 7r°7r° mass spectrum in the region of the /o(980) resonance (t 
is the square of the four-momentum transferred from the incoming 7r~ to the outgoing 
7r°7T system). The partial wave analysis performed in the range < — t < 1 GeV 2 
gave a very interesting and unexpected result. The /o(980) resonance has been seen as 
a dip in the S-wave 7r°7r° mass spectrum for —t < 0.2 GeV 2 (see Fig. la), where the 
reaction 7r~p — > 7r°7r°n is dominated by the one-pion exchange mechanism, [] whereas for 
—t > 0.3 GeV 2 , it has been observed as a distinct peak (see Figs. lb-f). This dip and 
peak behavior of the /o(980) has also been seen in the Brookhaven experiment on the 
reaction 7i~p — ► 7T°ir°n at P[ ab = 18 GeV [16]. A partial wave analysis of these data is 
presently being undertaken [16]. 

In this work we show that the observed alteration of the S-wave 7r°7r° mass spectrum 
in the reaction 7t~p — > 7T°TT°n with increasing —t can be explained by the contribution of 
the n~p — ► fo(980)n reaction amplitude with quantum numbers of the a\ Regge pole in 
the t channel. So far this amplitude has been very poorly studied experimentally. 

In fact, we suggest the following plausible scenario. At small —t, the reaction 7i~p — > 
(7r°7r°)s^ is dominated by the one-pion exchange mechanism, and the /o(980) resonance 
manifests itself in the (7r°7r°)s mass spectrum as a minimum ((inr)s denotes a hit system 
with the orbital angular momentum L — 0). However, the one-pion exchange contribution 
decreases very rapidly with —t (as is known, at least 85 — 90% of the one-pion exchange 



1 As is well known, such a manifestation of the /o(980) resonance, due to its strong destructive 
interference with the background, was observed in a large number of previous experiments on 
the reactions ttN — * ttttN and ttN — > 7r7rA(1232), and according to their results, it has also been 
well established in the reaction nir — ► tttt (see, for example, Refs. [2-11], and for reviews, Refs. 
[12-15]). 
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cross section for the reactions ttN — > ttttN originate from the region —t < 0.2 GeV 2 ). 
The most remarkable fact is that the reactions tcN —>■ (tctt)sN at high energies involve 
only two types of t-channel exchanges, namely, those with quantum numbers of the ir 
and di Regge poles. Thus, it is very probable that the reaction ir~p — > (7r°7r°)s?7, at 
large —t is dominated by the a\ exchange, and that the /o(980) resonance produced by 
this mechanism shows itself as a peak. Notice that a similar manifestation of the /o(980) 
resonance has been observed in many reactions not involving 7r exchange (i.e., in which 
the 7T7T interaction in the initial state is absent). For example, the /o(980) resonance has 
been seen as a clear peak in the two-pion mass spectra in the reaction ir~p — > 7r°7r°r?, 
near threshold and for —t from 0.33 to 0.83 GeV 2 , where the one-pion exchange is small 
[17], in the reaction K~p — > 7r + 7r~(A, S) at 13 GeV [18], in the J/ip — > </>7r + 7r~ [19] and 
— > 7T + 7r + 7r _ [20] decays, in the reaction 77 — ► 7r°7r° [21], and also in the inclusive 
7T + 7r _ production in jp, 7r p, K ± p [22], and e + e~ [23] collisions. 

Our explanation of the GAMS results may be unambiguously verified experimentally 
in the reactions ttN — > ttttN on polarized targets because this makes possible direct 
measurements of the interference between the 7r and a% exchange amplitudes. In a cross 
section summed over the nucleon polarizations, the contributions of these amplitudes 
are noncoherent and, generally speaking, they cannot be separated without additional 
assumptions. It is interesting to note in this connection that the GAMS Collaboration 
has probably become the first who succeeded in discovering a nontrivial evidence for the 
d\ exchange mechanism in the reaction ir^p — > (7r 7r°)sn on an unpolarized target. 

2 As is known, the results of the measurements of the reactions ir^N^ — > ir + ir~N on polarized 
targets are indicative of the a\ exchange mechanism most definitely in the case of the p°(770) 
production [24-26]. However, in the tttt invariant mass region around 1 GeV, rather large experi- 
mental uncertainties in the available data present considerable problems for certain conclusions. 
Nevertheless, in a new analysis of the ir~p^ — ► 7r + 7r _ n data at 17.2 GeV [6,25], which has been 
performed very recently in Ref. [27], one emphasizes that the a\ exchange amplitude cannot be 
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In Sec. II, we perform a simultaneous description of the GAMS data on the reaction 
ir~p — > (-K°ir ) s n [1] and the CERN-Munich data on the S-wave txtx scattering in an 
invariant mass region around 1 GeV [5]. We consider three simple parametrizations of 
the S-wave nn — > nn reaction amplitude. As to the corresponding amplitude of the 
reaction n*n — > nn (where n* denotes a Reggeized pion), it is constructed by using 
the t dependence factorization assumption which was extensively applied previously to 
obtain the nn scattering data (see, for example, Refs. [5,7,8,27-29]). In parametrizing the 
ir~p — > (n n ) s n reaction amplitude due to the a\ exchange, we use the above qualitative 
reason based on the observations of the /o(980) resonance in the reactions not involving 
Ti exchange. All considered parametrizations of the n~p — > (7r 7r°)sn reaction amplitudes 
give similar results and, on the whole, quite reasonable fits to the GAMS data. In Sec. 
Ill, we compare our explanation of the GAMS data with that reported previously in Ref. 
[30] and point out two direct ways to test these explanations. The explanation of Ref. [30] 
differs crucially from ours in that it is based entirely on one-pion exchange or exchanges 
with these quantum numbers. Such a restriction, as we show, leads, in particular, to 
rather exotic predictions for the t distributions of the ix~p — > (7r°7r°)sn events. Our 
conclusions are briefly summarized in Sec. IV. 



II. ALTERATION OF THE (7r 7r°) 5 MASS SPECTRUM IN THE / (980) REGION 



We shall consider the reaction n~p — > (n 7i )sn within the framework of the sim- 
plest Regge pole model and write the unpolarized differential distribution of the n~p — > 
(7r°7r°)sn events at fixed Pj* ab in the following form: 



IN THE REACTION n~p -► (7rV) 5 n 
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neglected especially around 1 and 1.5 GeV. 
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Here the first and second terms correspond to the it and ai Regge pole contributions, 
respectively (the n and a\ exchanges do not interfere because, at high energies, they 
contribute to different helicity amplitudes), a n (t) = o4(t — m 2 ) and a ai (t) = a ai (0)+a f ai t 
are the trajectories of these poles, m is the invariant mass of the final tytt system, A n 
and A ai are the normalization constants, T 7r * n -_ +n - 7r (m, t) and R ain ^ n7r (m,t) are the S- 
wave amplitudes for the subprocesses 7r* + 7r~ — > 7r°7r° and afn~ — > respectively, 
P-ktv = (1 — 4m 2 /m 2 ) 1 / 2 , the slope b n = 2a' w ln(P^ b /lGeV) + b n NN, i-e., it incorporates 
the slope of the Reggeized pion propagator and the slope of the ir*NN residue taken in 
the exponential form, and the slope b ai has a similar structure. According to the physical 
reasons which were discussed in the literature, the a± Regge pole amplitude has to have 
the so-called sense-nonsense wrong signature zero at a ai (t = t ) = 0, and hence, to be 
proportional to ct ai (t) (see, for example, Refs. [31-33]). Thus, the factor (1+tC) in the 
second term of Eq. (1) can be understood as the ratio a ai (t)/a ai (0) = 1 + t a' ai /a ai (0). 
However, the value of a' ai /a ai (0) is in fact unknown [32,33], and therefore, we consider C 
as a free parameter. According to isotopic symmetry, 

T^™(m, f) = T °(m, f) - T 2 (m, f) , R ai ^(m, t) = R° (m, t) - R 2 (m, t) , (2) 

where T[(m,t) and i?£(m,t) are the amplitudes with L = and isospin I = 0, 2 for the 
subprocesses 7r*7r — > titt and a\7i — > tttt, respectively; the amplitude E^(m,t) is assumed 
negligible. Now we suppose that the t dependences of the amplitudes T[(m,t) for the 
reaction 7i*n — > nn can be extracted in the form of overall exponential form factors. Thus 
we put 

T °(m, t) = e b o(*- m ')/ 2 T °(m) , T 2 (m, t) = e 6 ^-"^)/ 2 T 2 (m) , (3) 

where the amplitudes Tq (m) and T^m) depend only on m and are determined by the 
on-mass-shell dynamics of the nn scattering. This assumption about the t dependence 
factorization, together with the concrete shape of this dependence, was widely used as a 
simple working tool to obtain the 7T7T scattering data and gave results which were in close 
agreement with those of the more general Chew-Low extrapolation method [3-13,27-29]. 
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Usually, the factorization assumption is applied to the ttN — > mrN one-pion exchange 
amplitudes in the region < -t < (0.15 - 0.2) GeV 2 [5,7,8,27,29]. We shall use Eq. 
(3) as "a zeroth approximation" (in the sense of a number of addition assumptions and 
new fitted parameters) for all —t of interest from to 1 GeV 2 . Also we adopt a similar 
representation for t < for the amplitude i2g(m, i) °f the subprocess ain — > nn, 

R° (m,t) = e c °° t/2 R° (m) . (4) 

Note that some smooth m dependence of the slopes 6°, b%, and c° is not excluded. However, 
in the considered relatively narrow m range near the /o(980) resonance, 0.8 < m < 1.1 
GeV, we assume for simplicity that 6q, 6q, and Cq are constant. From the fit to the data 
[1], the values of the overall slopes of the corresponding amplitudes, namely, 6° = 6^ + 69 , 
b\ = b w + ft 2 , , and 6° = b ai + c[j will be determined (see Eqs. (1) — (4)). 

Let us now turn to the description of the model for the amplitudes Tg(m), Tg(m), 
and Rq(i7i). On the mass shell of the reaction tctt — ► Tin 

T °(m) = (rj° e 2 < - l)/2i , T 2 (m) = ( % 2 e 2 < - l)/2i , (5) 

where 5£ and 77^ are the phase shifts and elasticities which are functions of m. The data 
on the L = 0, I = 2 irir channel in the region 2rn n < m < 1.2 GeV are described very 

3 For the pronounced solitary p(770) and /2(1270) resonances produced in the reactions irN — > 
ttttN in the low —t region via the one-pion exchange, the factorization of the t and m dependences 
for the 7r*7r — ► p(770) — > tttt and tt*tt — > ^(1270) — > 7T7r amplitudes is quite natural. However, in 
the S-wave case, the situation is more complicated. There are at least two strongly interfering 
contributions in the L = I = 7r*ir^ tttt channel at m ~ 1 GeV, namely, the narrow /o(980) 
resonance and the smooth large background which can be parametrized, for example, in terms 
of a broad elastic tttt resonance [34,35]. Even though the t dependence factorizes for each 
contribution, the whole L = I = tt*tt — > tttt amplitude may possess this property only if the 
various contributions have rather close t dependence. In connection with the GAMS results, we 
discuss the L = I = tt*tt — > tttt amplitude in the region of the /o(980) resonance beyond the t 
dependence factorization assumption at the end of this section and also in Sec. III. 
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well by ?7q = 1 and Sq = —0.87(^/(1 + 0.16g^), where Sq is in radians if q n = is 
taken in units of GeV (see, for example, Ref. [36]). At m ~ 1 GeV, Sq ~ —23°. In the 
L = I = 7T7T channel, a very sharp rise of the phase Sq near the threshold (see Figs. 
2a and 3a), together with a sharp drop of the elasticity t]q just above the KK threshold 
(see Figs. 2b and 3b), is usually interpreted in term of the /o(980) resonance coupled to 
the 7T7T and KK channels [2-15,37]. However, in the L = I = — > Tin cross section 
this puzzling state shows itself not peak, but cLS cL dip which occurs just below the 
KK threshold, and in fact, the cross section vanishes at a minimum point. Formally, this 
is because the phase Sq goes through 180°, but not though 90°, in the resonance region 
and t)q = 1 with a good accuracy for m < 2m^-. Note that the 1 = 2 wave admixture 
shifts a minimum in the L = 7r + 7r~ — > 7r°7r° reaction cross section approximately by 10 
MeV to a lower mass region. [] Let us write the amplitudes Tq (m) and -R[}(m) as 

p 2i5 B _ 1 

H = + eMfl ?S^nrH . flSH = ^ 5fl iC—H . ( 6 ) 

where 5b is the phase shift due to the smooth elastic background in the irn channel, 
whereas T™ s _^ n7T (m) and R^_^ n7r (m) are the amplitudes due to the contributions of the 
mixed inelastic resonances. If we put T^ s _^ n7T (m) = {rj res e 2 ' l5rea — l)/2i, we find from Eqs. 
(5) and (6) that Sq = Sb + S res and = t] res . To parametrize the resonance contributions 
we use the so-called propagator method [14,38,39] and write the amplitude T^f^ cd (m) for 
the process ab — > cd in the following form (which satisfies the unitarity condition): 

TabLcdi™) = J2drab G;^,{m) g r , cd , (7) 

r,r' 

where the sum is evaluated over the resonances r, r' (r (r') = r±, r 2 , ...), G rr i(m) is the 
inverse propagator matrix for a resonance complex, 

4 As is seen from Fig. la, the observed 7r~p — ► (7r°7r°)5 n cross section does not vanish at a 
minimum but accounts for about 1/3 of the cross section at the side maxima. This is mainly 
because of a finite experimental 7r°7r° mass resolution which for the GAMS-2000 spectrometer 
has been characterized by a Gaussian distribution with the dispersion <r m 20 MeV at m « 1 
GeV [1]. In the fit to the GAMS data, we certainly take into account this Gaussian smearing. 
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G rr '(m) = 



D ri (m) —U rir2 (m) ... ^ 
— n rir2 (m) D r2 (m) 



(8) 



D r {m) = m 2 r — m 2 + ReYl r {m r ) — IT r (m) , (9) 

m r and g ra b, g r ' c d are, respectively, the masses and the coupling constants of the unmixed 
resonances. Since we are interested in a mass region around 1 GeV, we can restrict our- 
selves to the simplest case of resonances coupled only to the Tin and KK decay channels. 
We also imply that the resonance production occurs in nn and a^K collisions (recall that 
the ai means here not a particle but a Reggeon). Then we can take, in Eq. (9), 



U r (m) = 9rcd Pcd (i + \ In \ Pcd J 

cd=™.KK V * l+p cd J 



(10) 

\ 71 1 -|- p c d I 

cd=mr,KK \ n-u/ 

and write the off-diagonal elements of the matrix G rr i{m) (see Eq. (8)), responsible for 
the resonance mixing, as 

Il rr /(m) = C rr / + J2 9rcd Qr'cd Pcd \ i + ~ hi 1 Pcd ) , (11) 

cd=n*,KK V ^ 1 + Pcd J 

where C rr i are the mixing parameters, p K ^ = (1 — 4m^/m 2 ) 1 / 2 for m > 2m K , and 
Pkk ~^ APkk\ in the region < m < 2m K . Here we neglect the K + K~ and K°K° mass 
difference and put itlk = {iTiK+ +m K o)/2. Above the corresponding threshold, the partial 
decay width of the resonance r is Y rc( i{m) = g 2 cd p c dlm . Using Eqs. (6) and (7) with 
due regard for the normalizations as defined in Eqs. (1) — (5), we finally obtain 

T^(m) = TZUM , RZUM = Vf^ K^(m)/g riai7r , (12) 

where the second relation implies, in particular, that the coupling constant g ri anv is taken 
up by the normalization constant A ai in Eq. (1). 

Within the framework of the above model, we present the three simplest variants of 
the fit to the data [5] on 5$ and i]® in the / (980) mass region. In variant 1, we assume that 
the amplitude Tq (m) (see Eq. (6)) is dominated by a single resonance and a background, 
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in variant 2 by two mixed resonances and a background, and in variant 3 by two mixed 
resonances. 

Variant 1 yields the most economical and transparent parametrization. Using Eqs. 
(6) — (10) and (12), we find in this case 



r» W = ^ + n^sl , w m) = *.££~w, (13) 

2% D fo (m) D fo (m) 

where fo is taken as a suitable notation for a single r\ resonance and the background 
phase 5b = a + rob. The parametrization of T° (m) as given by Eq. (13) permits us to 
obtain a good fit to the data on Sq and t?q in the region 0.8 < m < 1.2 GeV (see the solid 
curves in Figs. 2a,b). The corresponding parameters of the background and resonance 
are 5 B = 35.5° + 47°(m/GeV), m /o = 979 MeV, gj oim = 0.075 GeV 2 and g 2 foKR = 0.36 
GeV 2 . Note that the above simple representation for T °(m) also was used for a similar 
purpose in a set of earlier analyses (see, for example, [3,9,35,40,41]). It is obvious that in 
this case a dip in the L = I = nn — > mr reaction cross section in the / (980) resonance 
region is due to the destructive interference between the resonance and the background 
whose contributions are near the S-wave unitarity limit. 

Variant 2 allows a good fit to the data on 5® to be attained in the wider m interval 
from 0.6 to 1.7 GeV (see also Ref. [39]) and also turns out to be more flexible for the 
construction of the — > (7r 7r°)sn reaction amplitude due to the a\ exchange. In this 
case, using Eqs. (6) — (12), we have 

; 2i<5 s _ i 



T °(m) = + e 



2iS B 



2i 



x 



X D ri {m)D r2 {m) - Ul r2 {m) ' 1 } 



Ro(m) = e tdB ^ x 

\JD r2 {rn) (jnmr n rir . 2 (77l) <?r27T7r] (,9r2<iiTr/ flViai7r) [-^-Vi (^) 9r27nr n riJ - 2 (?77.) 9riTnr\ /-. _\ 

X D ri (m)D r ,(m)-Tl? ir . 2 (m) ' 1 j 

where 5b = Pwn (a + mb). In the following, while referring to this variant, the lighter 
resonance r\ will be denoted by fo, and r 2 by a. The curves shown in Figs. 3a,b are the 
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result of the fit to the data on 5$ and rf^ using Eq. (14). These curves correspond to the 
following values of the parameters: m/ = 0.966 GeV, g 2 ()7r7r = 0.09 GeV 2 , g\ K R = 
GeV 2 , m a = 1.58 GeV, = 0.73 GeV 2 , g 2 aKR = 0.002 GeV 2 , C foa = ±0.37 GeV 2 , 

and 5b = Pmr(3° + 50°(m/GeV)). Note that C/ 0CT is defined up to a sign, but in so doing 

Cf () a gf TTn gairn > 0, and #/ o7r7r g a7rn gf KK g^KK < 0- 

In variant 3, the amplitudes T °(m) and -R[](m) are defined by Eqs. (14) and (15) 
with 5b = 0. We consider this variant mainly to ease the following discussion of the 
results presented in Ref. [30] (see Sec. III). The fit to the data on 5® and t]q in the 
region 0.8 < m < 1.2 GeV with variant 3 gives m ri = 0.88 GeV, g 2 l7T7T = 0.45 GeV 2 , 
9r lK R = °- 57 GeV2 - m n = 1-23 GeV, g 2 2W7T = 0.74 GeV 2 , g\ KR = 0.09 GeV 2 , 
C rir2 = ±0.67 GeV , C rir2 g ri7T7T g r27T7T > and 

gri-K-K gri-K-K gr\ KKg r2 KK < (see the 

dashed curves in Figs. 2a,b). 

Now we use the obtained parameters to describe the GAMS data on the (7r°7r°)5 mass 
spectra in the reaction n~p — > (7r°7r°),sn which are shown in Figs. la-f. For each of the 
above variants we perform the fit to these data using Eq. (1) folded with a Gaussian 
mass distribution (see footnote 4) and integrated over t in six intervals indicated in Figs, 
la-f. For variant 1 we use Eqs. (2) — (4), and (13), and for variants 2 and 3 Eqs. 
(2) — (4), (14), and (15). As is seen from Figs, la-f, the observed alteration of the (7r 7r ) s 
mass spectrum in the /o(980) region with increasing —t is satisfactorily reproduced in the 
three variants of the proposed n and a\ exchange model. In variant 1, this takes place 
with A\ = 340 x 10 2 (number of events/GeV 2 ), A 2 ai = 78.2 (number of events/GeV 2 ), 
C = -13.5 GeV" 2 , and the slopes 6° = 9.4 GeV" 2 , b\ = 5.3 GeV" 2 , and 6^ = 5.4 
GeV -2 which are rather typical for similar reactions (see the solid curves in Figs. la-f). 
Note that the slope b\ 5 GeV -2 had been observed in the reaction 7r + p — > 7r + 7r + n 
at Pi ab = 12.5 GeV for the 7r + 7r + production in the invariant mass region from 0.75 to 
1.25 GeV [29]. In variant 2, the fit to the GAMS data is characterized by the following 
values of the fitted parameters: A\ = 426 x 10 2 number of events/GeV 2 ), A 2 ai = 639 
(number of events/GeV 2 ), C = -4.4 GeV" 2 , b° n = 12.4 GeV~ 2 , b\ = 5.4 GeV" 2 , 6^ = 5.8 
GeV~ 2 , and (g aai7T g an7T )/ (g foain g f()7T7T ) = 0.16 (see the dotted curves in Figs. la-f). In 
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variant 3, the fit gives A\ = 355 x 10 2 (number of events/GeV 2 ), A\ = 91.8 (number of 
events/GeV 2 ), C = -13 GeV" 2 , b° n = 10.1 GeV~ 2 , h\ = 5.2 GeV~ 2 , 6^ = 5.6 GeV~ 2 , and 
(g r2 am 9ti-k-k) I [drxax-K 9nnir) — —0.863 (see the dashed curves in Figs. la-f). Note that in 
this case the r\ and r 2 resonances interfere destructively in the range m ri < m < m r2 in 
the 7r*7r — > 7T7T channel and constructively in the a\ix — > nn channel. 

Figure 4 shows the t distributions of the ir~p — > (7r°7r°)sn events for three m regions 
0.8 — 0.9 GeV, 0.9 — 1 GeV, and 1 — 1.1 GeV which we obtained for variant 1 using Eqs. 
(1) — (4), and (13). The figure illustrates how the one-pion exchange contribution falls 
and the a± exchange becomes dominant in the /o(980) region as —t increases. Similar t 
distributions take place also for variants 2 and 3. 

Up to now we have adhered to the t dependence factorization assumption. However, it 
is easy to construct parametrizations which would permit one to move beyond the scope 
of this assumption. A simplest example is provided by variant 3 in which the amplitudes 
T °(m) and i2°(m) are defined by Eqs. (14) and (15) with 5b = 0. For example, for the 
-k*tt — > 7T7T reaction amplitude T °(m, t), instead of Eq.(3) and Eq. (14) with 5 B = 0, one 
can write a more general expression: 

T °(m,t) = PwK x 

X D ri (m)D r2 (m)-Yil r2 (m) ' 1 } 

where the residues g ri Tr*n(t) and g r2 n*n(t) characterizing the T\ and r 2 resonance production 
in the n*n collisions, generally speaking, may be different functions of t (at t — m 2 , 
g rii 2ir*ir( m V) — 9n,2Tnv)- Thus, if the t behaviors of these functions are appreciably different 
in a certain t region, then it is natural that the t dependence of the whole amplitude 
does not factorize in this region. However, we shall not exploit such a possibility, first, 
because it requires incorporating at least two additional fitted parameters (by one for 
every mechanism of the considered reaction), and secondly, because a certain version of 
the extremal violation of the factorization assumption has already been applied in Ref. 
[30] to explain the GAMS data within the framework of the pure one-pion exchange model. 
The results obtained in Ref. [30] are briefly discussed below. 
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III. COMPARISON WITH THE PREVIOUS EXPLANATION 



As already mentioned in the Introduction, the explanation of the GAMS data on 
the reaction 7r~p — > 7T°7T°n [1] presented in Ref. [30] is based exclusively on the one- 
pion exchange model (this immediately follows from Eqs. (2), (5), (6), Fig. 3a, and 
accompanying comments in Ref. [30] 0). As a consequence of such a restriction, this 
explanation leads to a strong violation of the t dependence factorization assumption. We 
can conveniently elucidate this assertion in terms of Eq. (16). Let us recall that the 
authors of Ref. [30] used the K matrix method to construct the L = I = 7r*7r — > ixix 
reaction amplitude, and that, in the 1 GeV region in the K matrix, two resonances 
coupled to the tttt and KK channels and some background terms were taken into account. 
However, the difference between the K matrix representation for the amplitude To(m, t) 
obtained in Ref. [30] and Eq. (16) is unimportant to clear up the question about the 
applicability of the pure one-pion exchange model for the description of the GAMS data. 

Thus, if one takes into account only the one-pion exchange mechanism for the reaction 
n~p — > (ir TT )sn and uses the parametrization with two mixed resonances coupled to the 
tttt and KK channels for the L = I = 7r*7r — > tttt amplitude, then the observed alteration 
of the (7r 7r°)s mass spectrum can be understood only if the destructive interference 
between two resonances at m ph 1 GeV, which occurs in the low —t region, is replaced 
by the constructive one with increasing —t. According to Eq. (16), this means a change 
of the interference type between the terms proportional to g ri n*Tr(t) and g r2 ir*n(t), which, 
in turn, is possible only if, as —t increases, one of the residues, for example g ri n*ir(t), 

5 It is worth noting that the comment after Eq. (8) in Ref. [30] about a flat term which can 
effectively describe the contribution of the a% exchange to the ttN — > (tttt)s N amplitude with 
the one-pion exchange quantum numbers from Eq. (5) or Eq. (6) in Ref. [30] is misleading. In 
fact, at high energies, the ir and a\ Regge amplitudes have different spin structures and in the 
unpolarized cross section their contributions are noncoherent as already emphasized above. So, 
the a\ exchange has not been taken into account in Ref. [30] effectively. 
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decreases in absolute value, vanishes at a certain value t = t 0l and then changes its sign. 
Also, this has to occur at least for —t < 0.3 GeV 2 . Hence, according to such an approach, 
the t dependence of the amplitude T® (m, t) must not factorize at m ~ 1 GeV even in the 
low —t region. In Ref. [30], the following parametrization for the residues g ri -K*-n{t) and 
g r2 ir*n(t) was postulated: 

g n ^(t)=g riWn [l + £ i (l-t/ml)t/ml] , i = 1, 2 . (17) 

For the best fit g ri7Tn = 0.848 GeV, £i = 0.0565, g r27Tn = 0.884 GeV, and £ 2 = -0.0293 
[30]. As is seen, the residue g rin » % (t) vanishes at t ~ —0.0728 GeV 2 , and as —t varies from 
to 1 GeV 2 , the functions tir (t) and gl *^{t) increase, respectively, by approximately 
factors of 22000 and 6000. In order to compensate this enormous rise, the authors of 
Ref. [30] multiplied the ir~p — > (7r 7r°)s?2 one-pion exchange amplitude by the overall 
form factor F(t) = [(A - m 2 )/(A - t)] 4 with A = 0.1607 GeV 2 which, however, they 
ascribed, for unknown reasons, to the nucleon vertex []. As a result, they obtained formally 
a very good description of the GAMS data on the (7r°7r°)5 mass spectra. Recall that 
these spectra (dN/dm) correspond to the distribution d 2 N/dmdt integrated over t in 
the intervals indicated in Figs. la-f. Nevertheless, a detailed analysis shows that the 
model of Ref. [30] predicts rather exotic t distributions of the 7T~p — > (7r 7r ) s n events 
for —t < 0.2 GeV 2 . Figure 5 shows the unnormalized t distributions (dN/dt) for three 
m intervals 0.8 < m < 0.9 GeV, 0.9 < m < 1 GeV, and 1 < m < 1.1 GeV which 
we obtained using the formulae from Ref. [30]. The most discouraging feature of the 

6 Note that this leads to unsolvable difficulties. For example, if one describes the well studied 
reaction ir~p — ► p°n [6,42] using such a form factor in the 7r*NN vertex it would be necessary 
to introduce a tt*tt p residue which increases with —t. In turn, this would lead to a rise of da/dt 
for the process tttt — > p°p°. It is evident that such a picture is incompatible with conventional 
ideas. Also, according to Eq. (17), we face a similar problem for the reaction tttt — ► (tttt)s (tttt)s- 
Furthermore, the above form factor would yield an abnormally sharp drop of the one-pion 
exchange contribution to the differential cross section of the charge exchange reaction pn — > np. 
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presented picture is a dip in dN/dt whose location depends on m. In fact, this is a 
straightforward consequence of a failure of the factorization for the amplitude T^m, t). 
The t distribution for 0.8 < m < 0.9 has a dip at —t 0.1 GeV 2 and, as is seen from Fig. 
5, changes very rapidly in the region —t < 0.2 GeV 2 . With increasing m, a dip in dN/dt 
moves tot — 0. So, the t distribution for 0.9 < m < 1 GeV has a dip at —t pa 0.072 GeV 2 . 
For the mass interval 1 < m < 1.1 GeV which already belongs to the inelastic region 
of the reaction it*it — > nn, a dip in dN/dt disappears. A comparison of the predictions 
for dN/dt shown in Figs. 4 and 5 shows that the choice between our explanation of the 
GAMS data and the explanation given by the authors of Ref. [30] can be easily realized 
experimentally. To do this, it is sufficient to have data on dN/dt in the region —t < 0.2 
GeV 2 for the m intervals 0.8 < m < 0.9 GeV and 0.9 < m < 1 GeV. So far, however, 
neither the GAMS Collaboration [1] nor the E852 Collaboration [16] have published the 
data on the t distributions. 

Finally, let us emphasize that the best experimental test that we know of for the n~p — > 
{itit)sn reaction mechanisms are measurements on polarized targets, because they will 
permit the interference to be directly observed between the n and a\ exchange amplitudes. 
As is known [24,25], in such experiments one can measure the triple distribution (in m, 
t, and ip) which at fixed P^b ^ as the f° rm 

— ; , r — = ; — r + 2Pcos^ I(m,t) , 18) 

dmdtdyj 2ir dmdt 

where tp is the angle between the normal to the reaction plane and the (transverse) proton 
polarization P. The first term in Eq. (18) corresponds to the distribution of events on an 
unpolarized target. It can be presented as (d 2 N/ dmdt) /2tt = \M+_(m, t)| 2 + |M+ 1 + (m, t)| 2 , 
where M+_(m,t) and M+ + (m, t) are the s-channel helicity amplitudes with and without 
nucleon helicity flip, due to the n and a± exchange mechanisms, respectively. The second 
term in Eq. (18) describes the nucleon polarization effects. The function I(m,t) in this 
term is stipulated by the interference between the n and a\ exchange amplitudes and 
has the form: I(m,t) = Im[MZ_(m,t) (M"+(m, £))* ]. In our model for the reaction 
ir~p — > (n°n ) s n the amplitude \^2tt M+_(m, t) (and respectively, \/2tx M+ 1 + ( m , t)) is 
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given by the expression under the sign of modulus square in the first (second) term of 
Eq. (1). If one neglects the I = 2 mi S-wave contribution, then the phase of the product 
M+_(m,t) {M^ + {m,t))* in the elastic region (i.e. for m < 2m K ) would be completely 
defined by the Regge signature factors of the M^_(m, t) and M"+(m, t) amplitudes. With 
these provisos in mind, one can easily write the function I(m,t) in an explicit form for 
the three considered variants. For example, for the most simple variant 1, up to a sign, 



I(m,t) = cos [7r («„-(£) — a ai (t))/2] x 



x 



t 



eb °(t-ml) A ^ { l +tC) e »° ai t 



sin(5 °) 



mT 



/07T7T 



m 



Df (m) 



(19) 



2n [ t — 

where, as seen, the t and m dependences factorize. It is natural that the pure one-pion 
exchange model [30] predicts I(m,t) = 0. 



IV. CONCLUSION 

We have suggested a new explanation of the GAMS results on the / (980) production in 
the reaction 7r~p — > 7T°7T°n. A crucial role in our explanation is assigned to the amplitude 
with quantum numbers of the a\ Regge pole in the t channel which is as of yet poorly 
studied. Moreover, we consistently used the standard assumption of the t dependence 
factorization. On the other hand, if one attempts to explain the GAMS data in the 
framework of the pure one-pion exchange model, as is done, for example, in Ref. [30], 
then this assumption must be rejected from the outset. To test the correctness of our 
explanation, the data on the t distributions of the n~p — > (tt ?! )^ n events in the intervals 
0.8 < 77i < 0.9 GeV and 0.9 < m < 1 GeV, and the measurements of the reaction 
71 P ~^ ( 7r ° 71 " )s' n on polarized targets, which can clearly demonstrate the presence of the 
ai exchange mechanism, are needed. 

Recently we have shown [43] that the new data on da{n~p — > ao(980)n) / dt can be 
explained within the framework of the Regge pole model only if the reaction n"p — > 
aQ(980)n is dominated by the p 2 Regge pole whose partner by exchange degeneracy is 
the ai Regge pole. To all appearance, the time is right to study the pseudovector and 
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pseudotensor Regge exchanges. 

We would like to thank A. A. Kondashov and S.A. Sadovsky for supplying the GAMS 
data in numerical form. 

This work was partly supported by the INTAS Grant No. 94-3986. 



16 



REFERENCES 

[1] D. Aide et al, Z. Phys. C 66, 375 (1995). 

[2] M. Alston- Garnjost et al, Phys. Lett. 36B, 152 (1971). 

[3] S.M. Flatte et al, Phys. Lett. 38B, 232 (1972). 

[4] S.D. Protopopesku et al, Phys. Rev. D 7, 1279 (1973). 

[5] B. Hyams et al, Nucl. Phys. B63, 134 (1973). 

[6] G. Grayer et al, Nucl. Phys. B75, 189 (1974). 

[7] B. Hyams et al, Nucl. Phys. B100, 205 (1975). 

[8] P. Estabrooks and A.D. Martin, Nucl. Phys. B79, 301 (1974); Nucl. Phys. B95, 322 
(1975). 

[9] S.M. Flatte, Phys. Lett. 63B, 228 (1976). 
[10] W.D. Apel at al, Nucl. Phys. B201, 197 (1982). 

[11] S.A. Sadovsky, in Proceedings of the Third Intern. Workshop on Light Quark Meson 
Spectroskopy, Tsukuba, 1992, edited by K. Takamatsu and T. Tsuru (KEK 92-8, 
1992), p. 87. A. A. Kondashov and Yu.D. Prokoshkin, Nuovo Cimento 107 A, 1903 
(1994). 

[12] J.L. Petersen, The nir Interaction, CERN Yellow Report, CERN 77-04, Geneva, 
Switzerland, 1977. 

[13] K.N. Mukhin, O.O. Patarakin, Usp. Fiz. Nauk 133, 377 (1991). 

[14] N.N. Achasov, S.A. Devyanin, G.N. Shestakov, Usp. Fiz. Nauk 142, 361 (1994) [Sov. 
Phys. Usp. 27, 161 (1994)]. 

[15] M.R. Pennington, in Proceedings of the BNL Workshop on Glueballs, Hybrids and 
Exotic Hadrons, Upton, 1988, edited by Suh-Urk Chung (AIP Conf. Proc. No. 185, 
New York, 1989), p. 145. 

17 



[16] B.B. Brabson, in Proceedings of the 6th Intern. Conf. on Hadron Spectroscopy, 
HADRON '95, Manchester, UK, 1995, edited by M.C. Birse, G.D. Lafferty, and J.A. 
McGovern (World Scientific, Singapore, 1996), p. 494. 

[17] D.M. Binnie et al, Phys. Rev. Lett. 31, 1534 (1973). 

[18] G.W. Brandenburg et al, Nucl. Phys. B104, 413 (1976). 

[19] G. Gidal et al, Phys. Lett. 107B, 153 (1981). U. Mallik, Preprint SLAC-PUB-4238, 
1987. A. Falvard et al, Phys. Rev. D 38, 2706 (1988). 

[20] J.C. Anjos et al, Phys. Rev. Lett. 62, 125 (1989). J. Adler et al, Phys. Lett. B 267, 
154 (1991). 

[21] H. Marsiske et al, Phys. Rev. D 41, 3324 (1990). 
[22] R.J. Apsimon et al, Z. Phys. C 56, 185 (1992). 
[23] S. Abachi et al, Phys. Rev. Lett. 57, 1990 (1986). 

[24] H. Becker et al, Paper submitted to the XVIII Intern. Conf. on High Energy Physics 
at Tbilisi, 1976. 

[25] H. Becker et al, Nucl. Phys. B150, 301 (1979); Nucl. Phys. B151, 46 (1979). 
[26] M. Svec, Phys. Rev. D 53, 2343 (1996). 

[27] R. Kamihski, L. Lesniak and K. Rybicki, Z. Phys. C 74, 79 (1997). 

[28] PE. Schlein, Phys. Rev. Lett. 19, 1052 (1967). E. Malamud and PE. Schlein, Phys. 
Rev. Lett. 19, 1056 (1967). 

[29] W. Hoogland et al, Nucl. Phys. B69, 266 (1974); Nucl. Phys. B126, 109 (1977). 

[30] V.V. Anisovich et al, Phys. Lett. B 355, 363 (1995). 

[31] L. Bertocchi, in Proceedings of the Heidelberg Intern. Conf on Elementary Particles, 
Heidelberg, 1967, edited by H. Filthuth (North-Holland Publ. Co., 1968), p. 197. 



18 



[32] A.C. Irving and C. Michael, Nucl. Phys. B82, 282 (1974). A.C. Irving, Phys. Lett. 
59B, 451 (1975); Nucl. Phys. B105, 491 (1976). 

[33] J.F. Owens et al, Nucl. Phys. B112, 514 (1976). J.D. Kimel and J.F. Owens, Nucl. 
Phys. B122, 464 (1977). 

[34] D. Morgan, Phys. Lett. 51B, 71 (1974). 

[35] A.D. Martin, E.N. Ozmutlu and E. J. Squires, Nucl. Phys. B121, 514 (1977). 



[36] S. Ishida et al, NUP-A-96-11, KEK Preprint 96-131, 1996; |hep-ph/9610359| ; Prog. 
Theor. Phys. 98, 1005 (1997). 

[37] R.M. Barnett et al. (Particle Data Group), Phys. Rev. D 54, 1 (1996). 

[38] N.N. Achasov, S.A. Devyanin and G.N. Shestakov, Z. Phys. C 22, 53 (1984). 

[39] N.N. Achasov and V.V. Gubin, Phys. Rev. D 56, 4084 (1997). 

[40] M. Buttram et al, Phys. Rev. D 13, 1153 (1976). R.J. Leeper et al, Phys. Rev. D 
16, 2054 (1977). 

[41] N.N. Achasov, S.A. Devyanin, G.N. Shestakov, Yad. Fiz. 32, 1098 (1980) [Sov. J. 
Nucl. Phys. 32, 566 (1980)]; Phys. Lett. 102B, 196 (1981). 

[42] B. Hyams et al, Phys. Lett. 51B, 272 (1974). C. Bromberg et al, Nucl. Phys. B232, 
189 (1984). 

[43] N.N. Achasov and G.N. Shestakov, Phys. Rev. D 56, 212 (1997). 



19 



Figure captions 

Fig. 1. The S-wave 7r°7r° mass spectra in the reaction n~p — > 7r°7r°n for six t intervals 
indicated in the figure. The data were obtained by the GAMS Collaboration [1]. The 
curves correspond to the fits using the n and a\ exchange model which is described in 
detail in the text. The solid curves correspond to variant 1, the dotted curves to variant 
2, and the dashed ones to variant 3. 

Fig. 2. The phase shift 5q (a) and the elasticity t]q (b) pertaining to the L — I — 
-kit — > -Kir reaction amplitude T °(m) in the / (980) region. The data are taken from Ref. 
[5]. The solid curves correspond to the fit for variant 1 and the dashed curves to that for 
variant 3. 

Fig. 3. The phase shift 5q (a) and the elasticity i]q (b) pertaining to the L — I — 
7T7T — > 7T7T reaction amplitude. The data are taken from Ref. [5]. The curves correspond 
to the fit for variant 2. 

Fig. 4. The t distributions of the ir~p — > (7r°7r°)5n events for three m intervals a) 
0.8 - 0.9 GeV, b) 0.9 - 1 GeV, and c) 1 - 1.1 GeV corresponding to variant 1. The solid 
curves correspond to the sum of the 7r and a\ exchange mechanisms and the dashed curves 
to the di exchange contribution. 

Fig. 5. The unnormalized t distributions for the reaction n~p — > (7T 7r°),sn for three 
m intervals a) 0.8 — 0.9 GeV, b) 0.9 — 1 GeV, and c) 1 — 1.1 GeV corresponding to the 
pure one-pion exchange model used in Ref. [30] (see text). 
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